Simulating the impact of an increase in patient volume on a government emergency department in Malaysia by Ahmad, Norazura et al.
Simulating the Impact of an Increase in Patient Vcblume on a 
Gnvcrnmcnt Ernel-gerac>- Depal-trnent in 5Ialaysia 
:%bstracf. 'l-ki. ;I??:: txrt;;:~<~ :!it. ~-::W;;:I: , t f  : ~ ; ; ~ , p ~ ~ : c ~  ,<:ifi>~:l;;~:, ~ 6 ~ , ~ + ~ ~  ?C J ~ : , c L ~  iib~ ~KC:I ;$ 7,2c~:c;?: 
i13;rc3iC ! ~ ,  C:il,.-- . >,i .",-.. .,, d:.par;r:i~;ii pe: fox-:?;::?cc ;..; ~ ~ , d  :fl: p2ilC~j1 !?i>\v. :I slm~ia?ii>!? rncldc! <lf c:xc:;c~c'~ 
dcpaz~ien: I ,ic:~.el;'pc,! b:ii.cJ c,;. citicr::e i:.i.e:?t sirnsl'ii~on atli! svsrc!:~ d>;i::n:ici modclln; ::;?proncl> :ct 
criptgrc h e  bei!:?; ir-r c r i  an i:lir.~r~\ed 'y.;~e~:. S E Y : ! ~ ~  : .C:I :<~IL? \  ATC ;i>:iduc!cd tcl h t i p  rnan:igcmer.: det~nririic 
rhc req;:rr:d res,.urrcs due ti7 p31ili:i: : ; i : s r : ?~  II?C:C:~W {ha! all1 :I:!: l:rcach :he :::i:;:~nol urge; ;i::ic. 5~;. ;:::~:c::: 
:I: !>c anrndcd !c. ir? c:ncrgc::cy dcp;i:;i;:c;:: Res:!!:. iron: r!lc .cc:!;.;:.~c,. sh,?:i. !!>:it ;I '?.o !nz;:ase ;$f ?:i:!e;j:i 
af$-.- ,,a nic?si !if k;. p c r : ^ ( > m ' ~ n ~ . ~ '  n?::ai~.rcs i r  .;3;i;1:~:::. ni;.;?;.::;i :.i.ir;;n:> aic rhr irr,pi,:"z3ni r : * s ; ~ s r ~ ~ t . ~  ;= 
erni-rfenc\ dcparrrilcnr ~~;~cr:!I;c~nr 
Tiye i171p3~1 C ) ~ P ~ ~ I C I I I  \ . 0 1 t l : ~ ? ~  i i l i . ie3~t i t )  C I ? I C T ~ C ~ ~ C S .  depciii:ncrit (i-li-11 ! x r f c ~ r r n a ~ c c  is a giilhril prcibltm 
, . cncoun!c:-cc; I?Y nets: hili;piial l c x ~ i ~ c d  i:i n ~ n j o r  ciiic.; [ I ] .  Nonn:iii:;. ihc main pctf<li;.n3ni:c indica~or of 1?.12 i s  
pat~cnts '  xait ing 1imcl5. Incri.ased nurx~bs: al' paricnis usuall!, incr-ases \%ziting :Imr 5)' iicc;c;3sing !he 
rtsvurce csp;tsir:i 1t:t't.i. ~vhicii m3): lest2 I(> ED conges~ion Tc! tii::l w i t h  ~h!s problcm, hnipicds r~ variiiui 
\vn:l,s /?I. S:mc ~ ~ 3 ) s  ~.i'cil-'nl-d \xh~!e ior:!t. taiisd. .%s heo!~hca?-:. srlvirc:~i~?ien~ is highiy iit!ole:x!i! io  rai11:ie. 
El) ri:ax:*gcmen! rcquircs a tctol !ii31 C:iit heip ;:?c~i? Crtresei. ;hc. ctln.;eqi?c!lscs (-1f r!~c~r- aecir;ions prior 1 1 :  
iinp!""itniii:ion. In :he case smd? Ei7 of ;t ycucrai j ? v s p i ~ !  1;: f h ~  nonh~.m pzr: of!'cninular >,Ssla;,;sin. tilt 
,.-1, 
. . 
.,;,;,I:*~T:~P; $ 5  ;cr,cc.;n:3 iS;!:c &i:ar,:rtc;:: v,.~]] b: a i l ?  :;. !)ani,l: ;he ii?crczr;i:?a pnrirn? -.,~~lili~:e i\ 11:l .I;:TC:~~ ' .  i.ccc!:l:?e s>psci;y !c\.;.i, I< 1:. F:il no! ia,n:l-,lr. .- .- , . . . ,  . the:: !f.c,: ;ye;;id ;(; i:r;o**- ~ r : , ~ n ~  atjdjri:ln:;] 
T.* - ,lr-, ..., c ..,, . , ,.l<>..,hL. -.. ; e q : ~ i ~ < +  I; c::s~,!rc :k:%~ :I:< ED ~.i<.,cs s<:! k>~excfi :kc i . t r~c?  :::x: ici  h). :h:, ':\.ji;~;str,- <>I :<z:5l~h 
hIala!.ji;. 
- ,  ,I :s  ~ L I :  on 3ggi~g311: Syslz~:-i d:;~:nrn~zs i iD1  or1 !hr: othcr hn::ii. require:; less d 3 u  th;?ri LIES. as con+.*---. 
vaiucs 1:) :eyrcsc:lr the higher i t \-s!  oil! s\,steni It'ith irs i ~ c u s  on frelibsck 3nd n o n i i ~ ~ c u  :~!8il~t1?.ihi:. S1> i s  
idea! ti: iornprchen.' C):?.i:nic cornplr:ii:!- it.]. 
7iiis Fapcr prcscr::h :t h;;brid bin:u!r!:ion r!iix!:i of an ED ba5t.d on rht. ir,icg:cl!lc\n h~?~vcc:i  i)ES m i !  S!). 
!nrcrr;iri?n bcnvren bL2th nppri:azhe; n-iil cclmprlrhcnil the \!c:al!ed u ~ d  ;.-ns:nie cilr::~:cxi:). of a hc:lIrh c:i;e 
cii:e:ii I":]. \i'i:h  ti^:.: i; l i~d~i. ;I?+. c?fi'su ilii I;!) opc.ratlon.; ,i~li. to the ~ncrcn;ed pat:cr:: .. ~)l:.!:rlr 2rc' c\'?.lt:at~<j 
:b:cit:gil ,sc\ crs! ,cc.narios 1: 15 inipoflan: tc) ~ i : i i c r ~ ~ ? n ~ l  ~.iic:ki:~i an in<r:;i-c iii p,!tit::: wiuni:. ii-;i: ;iT:i.i~ Fi) 
p:.:ic~rtxrtn~.c i i i  ;>rt~vi,j:zs :.!';i.ctivt. ;l::ii ti:nc!y r n c d i c ; l i  ;;ir>: 
2.1. System l l o d c l  I)escription 
Thc c a w  stu,f\ F!> :5 a non-r-rnmi~iar~ng s!'s:e:r;. u h x h  rs c>pcn 23 hsu:.; 2 d-y %.c;-,:r!g ti i . . i g ~ i ~ ! t i ~ . ; : ~  3re3 
oi' appro~.~nx:c l>  f i . 7  r:1111:o:? inhahl~ar~ts .-'.I-:i\,:::g prtrirnti are aias:.itieJ using .I i i : xe - i~>I i~ ;  r!=trt zone. 
Ycilow and K t ' d  inetiica! trinpr. i-aids iCIYC'I :ire civ2;l i,, patiei:;~ \!.:ti? st*m;-cr;:icai 12 ;iilt;nl illnessc.;. 
u hi!c \IT<' iirecr; i.; asilgnrd to noi;--.::~icni patic:irs. i )ue  ;it dcnii>rr:iyhii3: <h:!i:gci x : t i  .:c:r:c . . pctpil!:li~~i!. 
ticman:! ihr e:?ler;;.ni>. di.pnnti:c.r;! . i ~ i . ~ i ~ ~ i  1i:ii in.crel;cd. ?'!)is sir::ar~~?:; !< r:~::dc t,.)c;gi>cr wr:!? ti;< 
,; . i , L b ~ , : ~ . L ~ ~ ~ ~ ~  . ., - ,A , ,. . L:< a t?r\\ : ~ r g c t  LIIIIC hi pntiet:t :o ~ I C  ;!iendcd :O in Ei l  bj, ~ f ~ r  % f i : ~ i r . t r >  :I< I - ? C L I \ I ~  (%lO!i) 1i1 
. . 
2009 (Table I I .  The r i ~ u  :aryet t m c  h:is pl.:~ -lore presswe nn Ell  smil' 35 i: I~ILIS:  5c 3~r,iei:d ivithi~;: 
:::iJi:ic!r;ai r~:.~iu:;ri Thrrc. zrc p;lninli!. sh:irc,i ti.sitt~rcc-.; irl  the ELI, \vh~::)i sc:\.c ;11i pa;:cnts ar cenain poizr 
.. . 
il< T!:C proce,\\, !-or 1ns::incc. n~cdicz~i a ~ < i ~ ( . 5 j i ? >  i< j~  Ltnih' pro\"idc S ~ I T I G V S  !c,r p;::i<:;?s i : j  !?I)  :111,i k111: ;!Ist> ;ici 
c:.vi < . , < ~ I I I ~ ~ I I : ~ I ~ C C  s:n i r t .  
2.2. Study t)esign 
A !~ybr-;d s:r;l:~i;itioii r;:o:!ci ;il'';I', ha< bccn dc:.cl(.pcd ;isins .%i:yl i)gic iirnu?r?:irl:i iiti".w:!:c. I\'; modcica 
,...% ..:,- s!.stc?;: b:iscd 011 c;.:;cr:ri nr,?cc:;.; 3:?:~ z p31icnt nl:ly e x p c i i e ~ c c  rn ED V\.t. p3:icni .:ri;ai darn I:: 
L,p:;: n< 1)ic L>;!>c :<i,c. '+%h,ch i~x'!:~,j::d 6225 t.<>i:iI rjaii~fil:< &n,i 21 17?+.3!i c!? 2:)s p:i;iCi~t>. pe: .iLfter :?I< 
, . .  . . ' .  
! X C , L I ~ ,  I; 1 :i!id;?t~(!. :l.; i!~~cribc.d i:! sci-lii~;; 2 j. ;!r: !ncrc;rse 31' "1.1 j?:iricnt . io j~r; : t  ;$ ;?p~.:;:.: ro s r c  1:lc ir;?;:ac: 
nn i:i> ps;-ii!r7;;;l~~cc. Sc%+.cr:il sic!~:fiii:. :S.~PL T ~ S I . ; ~ !  i'\. \ - a ~ i ~ l g  the ni:i;-ih;.r -~t'r::.:o;~;ccs ii: th:? czso stud! i:l) 
2.3. Ylodel Outlinc 
~ i , :  .... ,t., :,..-.- ,,r2~ty.' t l f  r.1) i?l<~dc?i I >  ~11<1',\'i; l!; FIG.  1 . ?'hr ~ iok ! !  :;::in< I V I I ~  113iiCll!. :i!Tl7;:ii. *\ rrt\'l;ig p::llcll:5 
:::her :;.tik.-~::;; o i  hy onibi;!niicc irop nr tiic regi;trr!:ion ottuilLcr i ' , ~ i  rc;is~rat;ni~. i: i h t  ,,amc am- it~t'rc will 
:: r:!t:!ical . i ~ . < i ~ t ; ~ ~ i ~  ra ; v i~!g  I ~ I C  ~ : I : I ~ : I : S .  .-%fie: ~ r i ; a ~ e .  p a i i ~ ~ i i ~  i:;i\,r: tt? Yolio,,v diTPL~cir p i ~ h  :~ci-~.~rdtlig ! t )  
t!:: :r;:icc :c:>:,%~ i+v\ l ,~~~~+~c: .  ci-it ~.:i! p::lltrits \3 i l l  t?c S ~ I I ~  tiiicc~!>, tit  11it: Rc(j Ton;. ' ~ n d  :egis:r~~icjr. i s  pciftirr~,cd 
:!: , :.,,.~, ,.-,- i.. . ..., -.-..,. Y h i , . -  .,.,... .... ,. 
.,..L, &. , ,, iLLlh,,t.:, ., r ~ ~ . , ,  ; : c ; ~ ~ i ~ i i ' i ~ ~ .  p;~tic~-lt.< ;I! bc d~hck~zrccd, Eli<h::lge!:i ?:!~ic!lI> ::b:\ 
clth..r k,.: .-..Ic... ,  ,i..cd :;+ Ck's i13.7t: <a: 5C:il lo '~4'3r<is 1 . t ' ~ ~  l l i l ~ l e r  tr::II~l~cTli. 
I 2 
i .; ! - Ti'r rcrn:nsi). dia2;d;n <. ! EL) :~1o3ei 
-.. - ,- 
f I I C  SI) i?:txjc: rtr:i>~sis <?I I:.,,? sc::t>s t!~z: s>:~.;, : : > : ~ ~ c i : ~ . ; ~ < ~ ~ ? s ~ ~ i p s  :~ =i.,\c~::j El] <q>crz:ik>~?; c>:b,cr . , 
i::?I!S S U : ~  CIS a:l?hur;in,:c. iv:irj .  and h i ic~a :~  rt.:;(>urc.r.. c::ch <,f ;:r;c ~<:c:.  3' deici(ipc:i 3 c~l:i , ; ;  
ioops d:api-an rh:i: acts as :he ,!..-r?z:nic h),pi~:hcsis !o;?r corr.r:~:e: r:1:\cfci con.i!l-::cric!n ( a ~ ~ s e l  ioopj 6:agr;.,n~s 
are czpuhie of capiuring the 3yszn:ic. prc.c.rsies i:i a sy<rrrn h> dc!::\tns~ra::n_c rhc s3iis:. a:)d rift;; ~e!;l:in:l:. 
- .  hclivcf?l va~iabies Fig 2 shcu 5 3 d;ap;n:i; :h2: dcp::~ inc: dyn:+n>i< h>;,o[hc.iis fi,r \\'i3ri!5 i c~ ! i , i  at  i-:i..r. 
s:ad! EL). 
I.. . . 
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